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Description 



Field of the Invention 



[0001] The present invention generally relates to the purification and/or characterization of libraries of compounds 
for example, combinatorial and lead generation libraries. 

Background of the Invention 

[0002] Currently, there are many general methods for purifying synthetic compounds. These methods generally in- 
volve punfying a single target compound from multiple impurities. 

[0003] Compounds are currently being prepared in relatively large numbers in combinatorial and lead generation 
l.branes. Often, compounds are synthesized in multi-well plates or multi-tube arrays, with the number of related com- 
whtt ?they a^e^ynJes^ed ° USandS ' " " *° ^ Characterize the libraries of compounds at the rate at 

fnriMl a .°. n t meth ^ forpurifvin 9 ,ar 9 e numbers of compounds involves a repetitive method of chromatographing 
ndivldual compounds. This constitutes a full cycle of synthesis, work-up, and purification for each molecule Often a 
large amount of time is spent developing an appropriate purification method for the compounds to be purified 

™i JIT* be a , dva " la9e ° US l ° deVel ° P efflCient meth0dS for purifyina and/or characterizing libraries of com- 
pounds which are appl.cable to a wide variety of organic compounds. The present invention provides such methods. 

Summary of the Invention 

[0006] Methods for purifying and/or characterizing compounds, particularly libraries of compounds such as combi- 
dlclostd' generation librari os, are disclosed. Purification devices capable of being used in the method are also 

LnrfT 1 7^ me ! h ° d ,^ P remised on the discovery that structurally similar compounds, such as those in combinatorial 
niolf!! 96 ?^ ♦ Cranes often have roughly similar retention factors (Rfs) on thin layer chomatography (TLC) 
plates and retention times on high performance liquid chromatography (HPLC) columns. The method uses this discov- 
ery to determine optimum conditions for purifying a library of similar compounds 

[0008] For a given column packing, solvent system, and flow rate, most compounds tend to elute to a certain degree 
n^J^T * Preparative HPLC column. Similarly, most compounds move to a certain degree onTLC 
plates. VVhile some compounds do not move at all (Rf= 0), others move with a low Rf (for example. 0.05<Rf<0 2) a 
or m!T 7 f r T^' 6 ' °- 2<Rf<0 - B >' or a hi 9 h W ( for example, W>0.8). One can readily determine a series of th ee 
or more preferably four or more, zones of Rfs, or, in the case of analytical HPLCs, a series of zones of retention times 
in which the majority of compounds in the library will elute (in the case of an analytical HPLC) or move (in the case of 
a TLC), for example, low, medium and high Rfs on a TLC plate. These zones can be correlated to preparative orsemi- 
preparative methods for performing preparative or semi-preparative HPLCs 

[0009] For a given analytical HPLC and/or TLC protocol, a set of prepare HPLC conditions can be identified 
wherein compounds in one zone can be separated from compounds in other zones. Accordingly, if all or substantially 
all of the compounds in a representative sample of a library of compounds is present in the same zone, the library can 

ranim fte " USin9 r h e fT HPLCpr0t0C0, ' WhiChCanberead 

Smnonn^ 6 herein inv ° lve evaluating a representative sample of compounds from a library of 

compounds, such as a comb.natonal or lead generation library, by TLC and/or analytical HPLC, to determine which 

I-mZT™ ° n LC P ,' ate and/ ° r 6lUte ° ff thS analytiCal HPLC co,umn - ° nce the zone is '"entitled, a correlated 
preparative or semi-preparative method is used to purify the library. 

[001 1 ] Appropriate conditions lor purifying a library of compounds can be worked out by route scouting a represent- 
ative samp e of the library for a given analytical HPLC column, solvent system and flow rate, and/or a given TLC backing 
^7 Sy f f' em ;, A correlated Preparative or semi-preparative HPLC method can be applied to purify the library of 
compounds without having to change the purification parameters, so that a single method can be applied to the entire 

[001 2] A suitable sample size is typically on the order of between 2 and 5% of the library, depending on the diversity 

z™^r n T^- This approach fe referred to herein as -° ute — - s — <™ 

Prfe ^ b| y- bothth e TLCandth HPLC are perfoimed on the repres ntativ sampleof compounds. It is also 
th! !ntv n ' perfo ™ pre P arat,ve or semi-preparative HPLC on a sample of compounds from the library before purifying 
the entire library. This allows one to verify that the condrtions are suitable for purifying th entir library for example 
by determining the purity of the compounds in the representative sample. Also, one can perform a TLC on between 
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10 and 1 00%, preferably betw en 50 and 1 00% of the library and compare the TLC to that in the representative sample 
By performing a TLC on the entire library and/or determining the purity of a representative sample of compounds one 
can ensure that the majority of the library can be adequately purified. If the purity is not adequate on the representative 

!f D T * hS TLC ° f the " brary does not sufficient| y m atch that of the representative sample, alternative preparative 
HPLC conditions can be used. H e 

[0014] The representative sample should encompass, if possible, the most polar and least polar compounds syn- 
thesized in the library, to help ensure that the method is applicable for the entire library. 

[0015] The method described herein results in substantial time savings in the purification and characterization of 
iibranes of compounds, and can provide compounds with greater than 90% purity. 

Detailed Description 

[001 6] Compounds are often synthesized in the form of combinatorial libraries, which are often in the form of multi- 
well plates or multi-tube arrays. A major bottleneck in the synthesis, purification and evaluation of the compounds is 
determinmg appropriate purification conditions for the compounds. The methods described herein detail how entire 
Iibranes of structurally related compounds can be purified. 

[0017] The methods are premised on the discovery that structurally similar compounds, such as those in combina- 
torial and lead generation libraries, often have roughly similar retention times on thin layer chomatography (TLC) plates 
and on high performance liquid chromatography (HPLC) columns. For a given sorbenl, solvent system, and flow rale 
most compounds tend to move a certain degree on a plate. For example, some compounds do not move much at all 
(Rf near 0). Others move with a low Rf (for example, between 0.05 and 0.2), a medium Rf (for example, between 0 2 
and 0.8), or a high Rf (great than 0.8). The methods use this discovery to determine optimum conditions for purifying 
a library of similar compounds. * a 

[001 8] An advantage of the methods is that analytical HPLC is performed, if at all, only on a representative sample 
pnor to performing preparative HPLC. Using the methods described herein, the purity of all or substantially all of the., 
compounds purified via preparative HPLC can be greater than 90 percent. 

Definitions 



[0019] As used herein, the term "preparative HPLC" and like terms is meant an HPLC system which is capable of 
producing high (500 or more) microgram, milligram, or gram sized product fractions. The term "preparative" includes 
both preparat.ve and semi-preparative columns, but is not intended to include analytical columns, which provide frac- 
tions in the nanogram to low microgram range. 

[0020] As used herein, the term "mechanically actuatable" when referring to a switching valve is meant a valve whose 
different posrtions are selected by other than manual actuation, i.e., by computer selection. The actual mechanical 
actuation may be electric (i.e. a solenoid controlled valve), pneumatic (i.e. an air pressure controlled valve) hydraulic 
(a liquid pressure controlled valve), or any other equivalent means. 

[0021] As used herein, an "HPLC compatible detector" is a detector suitable for use in an HPLC system which is 
capable of providing a detectable signal upon elution of a compound peak. For example, a detector capable of gener- 
ating a signal when a compound elutes from the compound is an HPLC compatible detector. Where component ab- 
sorbance varies widely, it may be necessary to utilize more than one detector. A detector capable of detecting a desired 
component is not an "incompatible" detector due to its inability to detect a non-desired peak. 

[0022] A "waste reservoir" is a destination suitable for collecting eluate that does not include the compound of interest 
for example, the solvent used to regenerate the column between runs or the eluate driven off the column before and 
after the compound of Interest has eluted. Suitable waste reservoirs include flasks, bottles or jugs 



HPLC Devices 



[0023] Displacement chromatography (an example of which is HPLC) is based on the principle that in a sample the 
balanc between stationary phase (SP) and mobile phase (MP) is shifted the direction of SP. Single components of a 
sample displace each other like a train and the displacing agent with the greater affinity to SP pushes this train bv 
fractions out of the column. Gas chromatography, liquid chromatography and HPLC chromatography are some of the 
most well known examples of displacement chromatography. 

[0024] An HPLC device typically includes at least the following components: a column, packed with a suitable sta- 
.onary phase a mobile phase, a pump for forcing the mobile phase through th column underpressure, and a detector 
for detecting the presence of compounds eluting off of the column. The devices can optionally include a means for 
prov.d.ng for gradient elution, although such is not n cessary using the methods described herein 
[0025] Routine methods and apparatus for carrying out HPLC separations are well known in the art, and are de- 



<EP 1ieS4S6A1J_> 



3 



EP 1 162 456 A1 



scribed, for example, in the following references: J. Chromatography, 192:222-227 (1980), J. Liquid Chromatography 
4:661-680 (1981), and J. Chromatography 249:193-198 (1982). 

[0026] Suitable stationary phases are those in which the compound of interest elutes. Preferred columns are reverse 
phase columns, which may be natural (silica gel with alkyl chains of different lengths) or a synthetic crosslinked polymer 
(consisting of styrene and divinylbenzene). The particle size of the stationary phase is within the range from a few urn 
to several 100 um The most preferred stationary phase is a C 18 column. 

[0027] Suitable detection devices include mass spectrometers and UV detectors. The methods described herein use 
both of these detectors to determine when sample should be detected. 

[0028] The methods described herein often require the use of relatively high pressures (for example, up to approx- 
imately 2000 psi), depending on the pump head, column size : mobile phase and sorbent particle size. These pressures 
may be in excess of normal operating conditions for standard preparative HPLC. The methods also often require using 
flow rates of mobile phase (for example, in excess of 30 mL/min) in excess of those used in normal operating conditions 
for standard preparative HPLCs. 

[0029] In some embodiments, methanol/water is used as the mobile phase. Methano l/water solvent systems are 
more viscous than otherwise equivalent systems employing acetonitrile/water (which are more commonly used, but 
which can be more costly). The increased viscosity tends to create a high back pressure, and can require the use of 
high pressure tubing as well as tubing with wider than normal internal diameters. Further, the use of column packings 
(sorbents) with relatively small particle sizes (for example, 5 microns or less) can cause back pressure, further man- 
dating the use of wider tubings. 

Purification Method 

[0030] The method involves evaluating a representative sample of compounds from a library of structurally similar 
compounds by TLC and/or analytical HPLC to determine which zone they move on the TLC plate and/or elute off the 
analytical HPLC column. Once the zone is identified, a correlated preparative or semi-preparative method is used to 
purify the library. 

[0031 ] One can determine a series of three or more zones of retention factors on a TLC plate and/or retention times 
on an analytical HPLC trace, and correlate a preparative HPLC protocol to each of the zones. The zones can be, for 
example, low, medium and high Rfs on a TLC plate, where low, medium and high are arbitrary terms which can be 
defined in any suitable manner such that they correspond to acorrelated preparative or semi-preparative HPLC protocol 
which separates compounds in one zone from compounds in the other zones. For a given analytical HPLC and/or TLC 
protocol, a set of HPLC conditions can be identified wherein compounds in one zone can be separated from compounds 
in other zones. 

[0032] Accordingly, if a TLC or analytical HPLC shows that all or substantially all (i.e., greater than 95%) of the 
compounds in a library of compounds are present in the same zone, they can all be purified using one correlated HPLC 
protocol. 

[0033] As used herein, a representative sample is typically less than 1 0 percent of the library, more preferably less 
than 5 percent of the library, and most preferably, between 2 and 5 percent of the library. The number of compounds 
in the sample depends on the diversity of the library (in terms of polarity, and, hence, the retention time on an HPLC 
column or retention factor on a TLC plate). The representative compounds should encompass, if possible the most 
polar and least polar compounds synthesized in the library, to help ensure that the method is applicable for all com- 
pounds in the library. 

[0034] As used herein, a zone refers to a range of retention times or retention factors. For example, some compounds 
do not move much at ail (Rf near 0). Others move with a low Rf (for example, between 0.05 and 05), a medium Rf (for 
example, between 0.2 and 0.8), or a high Rf (great than 0.8). Using a TLC and using these ranges of retention factors 
three zones can be Identified, low, medium and high. The zones can be correlated to preparative or semi -preparative 
HPLC conditions which purify compounds which move on the TLC plate with an Rf in the particular zone. A series of 
compounds was subjected to TLC and preparative HPLC using these representative zones, and the results are de- 
scrib d in Example 1 . A preferred solvent system for eluting compounds on a TLC plate is eighty percent methanol/ 
20 percent water (v/v), and this is the solvent system which was used in Example 1 . 

[0035] Preferably, the purification protocol uses four or more zones. One of skill in the art can readily and subjectively 
determine an appropriate set of zones, taking into consideration a range of retention factors on a TLC plate using a 
given solvent system, or a given range of. retention times on an analytical HPLC column using a given column packing 
and solv nt system, and correlate these zones to ffective preparative HPLC conditions to purify ail compounds which 
fall into a particular zone. 

[0036] Using the methods d scrib d herein, one can quickly identify a set of conditions which applies broadly to the 
library. This results in a significantly quicker turnaround time for purifying the library wh n compared with traditional 
methods which involve performing an analytical HPLC on the entire library before subjecting the library to preparative 
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HPLC conditions. 

[0037] Appropriate conditions for purifying a library of compounds can be worked out by route scouting a rer>re*ent- 
■ Maampbor the libraryfora given analytical HPLCco.umn, ~^*^ n *«mrJ,M^ m ^Z2S^ 
and solvent system. A correlated preparative or semi-preparative HPLC method can be applied to purify the of 
iZ'ry h3VinS l ° Chan96 PUri,iCati ° n P arameters " so that - -noi» method in be ZlZ totte Zvl 

■ SSL n Prefera t bly ' both tne TLC and the HPLC ™ Performed on the sample of compounds. It is also preferred to 
perform preparat-ve or sem,-pre P arative HPLC on a sample of compounds from the library before purifying the enti e 
library. This allows one to verify that the conditions are suitabie for purging the entire library, for ex 2 by deter 
10 mining the purity of the compounds in the representative sample. Also/one can perform a TLC onZee and 
100%, preferably between 50 and 100% of the library and compare the TLC to that in the representativ^em^ By 
performing a TLC on the entire library and/or determining the purity of a representative sample of compounTs one 
can ensure that the majority of the library can be adequately purified. If the purity is not adequate on theTepren^ve 

* hTlc'^^ 

EL rt T f ! e .m l eth0 H deSC !; ibeC, her6in r6SU,tS in substamial « me sav in3s ^ the purification and characterization of 
libranes of compounds, and can provide compounds with greater than 90% purity. 

[0040] in one embodiment, the method involves performing the following steps: 



z ° a) selecting a library of compounds to be purified 

1^^,"^ HPL0 " ' -** - - ■»» -* ^t. 

?nSS'u'S?^ T**^ prep " ,,lva HPLC "' e ' h0<, Spending on how the mraMta senile elutes off the 
d) purifying all or substantially all of the library, " J 

7nno ; h . e 7 l t he correlat f preparative H PLC method is determined based on a correlation between three or more 
zones of retention tones if analytical HPLC is performed and/or three or more zones of retention facto^ if TLC s 
L^iTh' ^ " ^ bstantia,| y a " of the c ° m P°^ in the representative sample fall within a parltuTa z^ a 
r^Sf 1 P T Pa ^' V ! HPLC Pr ° tOCo1 Can be used t0 purif y impounds that fall within the zone. 
[0041] Preferably, both analytical HPLC and TLC are performed in step a. The representative sample is oreferablv 
pun red via preparative HPLC before all or substantially all of the library h. purified. After the J^SStfESR 

for" t V T* Tl Com P° unds in tne sam P' a « a P^ably determined. This provides a fast and e^eTeans 
for checking the method to ensure that it works effectively. ""waive means 

n°rart 2 Ih. A ! e [ th6 P c1 ty is determined ' one can optionally perform a TLC on between 1 0 and 1 00 percent of the library 
oerfo^ed in^rT* 1 r T * ° f *" UndBr the S3me ° r sub ^«ia..y the same conditions asthe TLC 

ZZ^SZy PUrifiCati ° n C ° nditi0nS WhiCh appV 40 the repre -^ive sample apply also 

[0043] By checking the purity of the representative sample and by performing a TLC on a larger portion of the library 

^ !T teC K hniqUe adeqUate ' y PUrifi6d the com P°- d =. a " d that the conditions ^SSS^XSt 
S " the dGS,red ^ 15 not obtai ^ d - end/or if the TLC of the representative sample and the 10 to 100 percent 
to b det«r n r n COmp ° Unds d0 ™ ve int ° the same zone, then alternative preparative HPLC protocol "need 
ELS. ? ete J m,naa - ,n some cases - a se P ar ate protocol may be applied to a portion of the library. 

tS e dh^S^, P r P r tlVe HPLC ° f a " ° r substantial| y a, < of the library, it is preferred that fraction collection is 
triggered b y determining the presence of the compound of Interest in a sample which is elutlng off of the preparative 
HPLC column using UV and/or MS detection. preparative 
[0045] In one embodiment, libraries of compounds are purified by 

Sm?r r ?K 9 ^ ° r ^ nti ° n ° f 8 com P° und ° r a representative sample of compounds from a library of 
compounds by TLC or analytical HPLC, nurary or 

lZZTX h ° r ° tOnti0n limG l ° 8 SGt ° f P re P arative HPLC conditions with a sot of parameters which 
correlates to the conditions used for the TLC or analytical HPLC and 

c) performing preparative or semi-preparative HPLC on the compound or the compounds in th library, wherein 

Sh 01 th M U n \ fr ° m thS P re P arativ e or semi-preparative HPLC column is sent to a UV detector and 
another portion of the eluent is sent to a mass spectrometer (MS)- 

ii) the eluent is discarded until UV and/or MS indicates that the compound of interest is eluting 
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i) the sample containing the compound of interest is characterized by MS, 

iv) the sample containing the compound of interest is collected; 

v) i the column is washed with an appropriate solvent such that any impurities are removed from the column- 

vi) the column is re-equilibrated, and 

vii) the steps are repeated as necessary for each compound to be purified and/or characterized. 

[0046] The methods allow collection of UV absorbance and MS data in the same time frame. Fraction collection by 
MS has several nsks assoc.ated with it, including loss of desired compound due to miscalculation of mote* massed 
formation of adducts, and loss of compounds that do not ionize under the conditions that are used SJSXTES' 
the advantage of fraction collection by MS is that only a few fractions are collected. The benefits of fmctfon col S 

SrJSlT " e f h^k ! detrimentS ^ 8V0ided by tri ^ erin 9 fraction collecti °" b * ^th UV and ESSEX 
difficult.es associated wrth doing so are that it is difficult to trigger fraction by UV and use a high flow gradient To ensure 

ZZ 6 Z di.H L ™ t0 h MS h ^ thS fra0ti ° n CO " eCtion ' the back P ressure in *• ,ine betwe «n the mak e-up pump 
an on-hne dilut.on pump wh,ch dilutes the flow which enters the MS instrument before the second flow splitter) anS 
he probe must be less than the back pressure in the line between the post column input and the fracton^Srectfon 

nrZT V*7" dSSired PreSSUre > ° nS Can Cha "9 e the tubi "9 requirements from standard HPLC SevSs to 
provide wider d.ameters to handle the increased flow rates, and optionally use a UV/DAD (diode array deteS or 
other suitable detector to trigger fraction collection. Y aetector > or 

[00471 The following steps can optionally be performed. Information gathered on the compounds (i e the UV ab- 
sorbance and MS mformation) can be stored in a relational database, preferably with other information abotf The 
compounds (.e synthesis condrtions, bioassay information, yield, etc.). The compounds can be f urtZcharaaered 
for example, by 1 H NMR. To more rapidly purify compounds, the HPLC can include two or more column on^whteh 

Types of Compounds which can be Purified 

K'rrJZST Z^T COrn P° Und WhiCh iS ^P 36 ' 60 ^ 6 '^ el "tedon an HPLCcolumn can bepurified according 
Lr^STrf deSCnbed herem - Preferablv - tne compounds to be purified are part of a library of compounds more 
ESS! ic'n S 9en6rat,0n ° r c ^binatorial library of compounds. The purity capable of being obtained usIngThe 
method is typically greater than 90%, and is preferably greater than 95% 

[0049] The term «library» refers to at least 3, preferably from 1 to 1 0^ and more preferably from 1 <fi to 1 0* com- 
pounds. Preferabfc these compounds are prepared as a multiplicity of compounds in a single si ion or reaction 

!™!L TV ^ iCa,ly ' Xh l COmpounds have a core structur e which can be modified at at least one position, preferably two 

[0051] Typical core structures are linear, branched or cyclic organic compounds that include at least three carbon 
atoms and at least one, and preferably at least two sites capable of undergoing a reaction to Change the slructu^ 
usually by the addition of other molecules to the reactive site 9 stmcture - 

S HoZT e L°lnT' ,eS ° f in H SeCt J ides include Py ra20le ^ PV"-°'^, pyrmlidones, and nicotinic acid deriv- 
atives. However, l.gand compounds wh.ch may bind to the appropriate binding site may be, for example steroids 
hormones, peptides, proteins, oligonucleotides, oligoribonucleotides. enzymes, and the like P ' 

[0053] Suitable core structures Include, but are not limited to: peptides, proteins, oligonucleotides oliqoribonucle- 

SS^K - ^ ' a,kal0idS • qUin °" neS ' ISOC < uino,ines - ^imidazoles, benzothiazo.es, purines pylid"nes 
mL^mi rt ,mi ^opyraz,nones, oxazolopyridines, pyrroles, pyrrolidines, imidazolidones. guinolones amino acids' 
Pen6mS ' X3nthinS ' Penzothiadiazine, anthracyciines, dibenzocydoheptadie^ inoSs 

beirdVTn 5 ; '"J Carb0Skeletons P resenti "9 9 e °™tric solids (e.g., dodecahedrane). The core structures can 
aTn^^ 

[0054] Suitable modifications for the core structures include: 

the^r^ d6riVatiV f ' WhiCh include > for exam P ,e - n^ral and synth tic amino acid residues including all of 
the naturally occumng aipha amino acids, species having derivatives, variants or mimetics of the naturally occur nq 

~urr^ 

2) nucleotide derivatives, which includes natural and synthetic nucleotides, such as adenosine, thymine, guanidine, 
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undine, cytosme, derivatives of these and variants and mimetics of the purine ring, the sugar ring th phosohate 
linkage and combinations of some or all of these. Nucleotide probes (between 2 and 25 nucleotides) and oligonu- 
cleotides (more than 25 nucleotides) including all of the various possible structural modifications; homo and hetero- 
syn he tic comb.nations and permutations of the naturally occurring nucleotides; derivatives and variants containina 
K Un £ e ° r Pyri , midine f ecies ' or mimics of these i vari ™ a sugar ring mimetics; and a wide variety of 
alternate backbone analogs, including but not limited to phosphodiester, phosphorothionate, phosphorodithionate 
2™"?' ^ ph0Sph0triester - sulfamate, S'-thioformacetal, methylene(methylimino), 3-N-carbamate* 
morpholino carbamate and peptide nucleic acid analogs. ' 

3) a carbohydrate derivative, which would include natural physiologically active carbohydrates; related compounds 
such as glucose, galactose, sialic acids, beta -D-glucosylamine and nojorimycin, which are both inhibitors of glu- 
cosidase; pseudo sugars, such as 5a-carba-2-D-galactopyranose, which is known to inhibitthe growth of Klebsiella 
pneumonia (n = 1); synthetic carbohydrate residues and derivatives of these (n = 1) and all of the complex oiiao- 

slrrptomyTinTn'riV' **** " f ° Und natUre ' inC ' Udin9 ^ mann ° Se oli 9 osaccharide s. *e known antibiotic 

4) a naturally occurring or synthetic organic structural motif. The term "motif is defined as an organic molecule 
having or containing a specific structure that has biological activity, such as a molecule having a complementary 

2^1 6 „ an , 6nZyme SCtiVe S ' te ' f ° r 6Xample ' This term inc,udes a "V of the we » known basic structures of 
pharmaceutical compounds Including pharmacophores, or metabolites thereof. These basic structures include 
bete- aclams such as penicillin, known to inhibit bacterial cell wall biosynthesis; dibenzazepines, known to bind 
toCNS receptors and used as antidepressants; polyketide macrolides, known to bind to bacterial ribosymes etc 
These structural motifs are generally known to have specific desirable binding properties to ligand acceptors 

5) a reporter element, such as a natural or synthetic dye or a residue capable of photographic amplification which 
possesses reactive groups that may be synthetically incorporated into the sulfaminimide structure or reaction 
scheme, and may be attached through the groups without adversely interfering or affecting with the reporting 

22 ^ IT, 9rOUP - Preferred reaCt ' Ve 9r0UpS are amin °' thi0 ' hydrox K <*rt»oxylio a *°, carboxylic acid ester 
particularly methyl ester, ac.d chloride, isocyanate alkyl halides, aryl halides and oxirane groups 

6) an organic moiety containing a polymerizable group such as a double bond, or other functionalities capable of 
undergomg condensation polymerization or copolymerization. Suitable groups include vinyl groups oxirane 
groups, carboxylic ac.ds, acid chlorides, esters, amides, azlactones, lactones and lactams. Otherorganic moie* 
such as those defined for R and FT may also be used. mo.eiy 

7) a macromolecular component, such as a macromolecular surface or structures which may be attached to the 
sulfarnmim.de modules via the various reactive groups outlined above, in a manner where the binding of the at- 
nn2o„ S a ^ CleS i° t a ligand ; rec f ptor molecule is not aversely affected and the interactive activity of the attached 
noro 1 «n? ' S determined 0r limited bv the macromolecule. Examples of macromolecular components include 

™ non-porous morgan.c components, such as, for example, silica, alumina, zirconia, titania and the like 
as commonly used for venous applications, such as normal and reverse phase chromatographic separations' 

' p,gments u forpaints ' etc - ; P^^^ndnon-porousorganicmacromolecuiarcomponents, including 
synthet.c components such as styrenedivinyl benzene beads, various methacrylate beads, PVA beads and the 

™l r « and f funct, ° nal,zed celluloses, such as, for example, agarose and chitin, sheet and hollow fiber 

membranes made from nylon, polyether sulfone or any of the materials mentioned above. The molecular weight 
of these macromolecules may range up to about 2000 Daltons. 

JSLfn 'If 6 ChemiCa ' ™ difications a,so include che ™ a ' bonds to a suitable organic moiety, a radioactive moiety 
a hydrogen atom, an organic moiety which contains a suitable electrophlllc group, such as an aldehyde ester alkv'i 
ha.lde, ketone, nitri.e, epoxide or the like; a suitable nucleophiiic group, such asa fcmxyl. amlno^SSSlJ^to 
carbamon, urea or the like; or one of the other structurai diversity elements defined below In addition The chem icai 
mediations can be in the form of a ring, bi-cyc.ic or tri-cyclic ring system; or structure which connects to the ends o 
ransTrh 9 ? ° ompourid def ined bv the Preceding formula; or may be separately connected to other moieties 

S Jin 7n Z Same ° r different 3nd 6aCh may be 006 or more atoms of ca *°n, nitrogen,' 

li S ™ t ' I ,n ° r9an,C e ' ementS ° r combinati °ns thereof. For example, the core structure can be modified 
tTtlX h!; ' T w 9en ' ° Xy9en ' hyd^0Xy, a ' k0Xy ' tni °' Straight ° r branohed cnain alk y , 1 carbocyclic aryl and substi- 
Ttl S ^ de 7 atlVeS tner ° 0f • ThS m ° dificati °"* ™ ^ in different in adjacent molecular cores and have a 
sel cted stereochemical arrangement about the carbon atom to which they are attached 

?™ of!!! 6 COmpounds can be laid out in a ,o gteal fashion in mufti-tube arrays or multi-well plates, in the form of 
arrays of chem.cal compounds. Preferabiy, the compounds all have a central core structure, and have various modi- 
for' ^a'particular ulT" identifi ° ati ° n of str ^t^e-activity relationships with which to determine optimum compounds 
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can^l e ^lu S rd U S;TMn h and T" Mn bS ° r9ani2ed t0 f0rm hi9her order arra * s that ""dud. sets of arrays and 
Z^SZZ: ^ t0 Pr ° Vide inf0rmati ° n regardin « the ^ructura, features Tor S 

=H^^^~ ===== 

[0063] Because the spatial address of each compound within a multi-tube rack is known the arrays can be tested 
togenemtecomplete relational ^ctural information sue* that a positive^ 

Example 1 : Analytical Methods 



Table 1 



Protocol I (analytical) 



lime (min) 


Flow rate (mL/mln) 


%A 


%B 


0.0 


1.5 


75 


25 


5.0 


1.5 


5 


95 


6.0 


1.5 


0 


100 


8.0 


1.8 


75 


25 



8 
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Table 2 



Protocol II (analytical) 



Time (min) 


Flow rate (mL/min) 


%A 


%B 


0.0 


1.5 


45 


55 


5.0 


1.5 


0 


100 


6.0 


1.5 


0 


100 


8.0 


1.8 


45 


55 



Table 3 



Protocol III (analytical) 


Time (min) 


Flow rate (mL/min) 


%A 


%B 


0.0 


1.5 


30 


70 


5.0 


1.5 


0 


100 


6.0 


1.5 


0 


100 


8.0 


1.8 


30 


70 



25 



30 



35 



40 



Table 4 



Protocol IV (analytical) 


Time (min) 


Flow rate (mL/min) r 


%A 


%B 


0.0 


1.5 


95 


5 


5.0 


1.5 


5 


95 


6.0 


1.5 


0 


100 


8.0 


1.8 


95 


5 



Hi 



J1? Se f ° Ur protoco,s on an analytical column can be scaled up to the following four protocols (shown below 
in tables 5-8) on a preparative H PLC column (50 X 20 mm id with a C1 8 sorbent with a particle size of 5 microns or less). 

Table 5 



45 



50 



Protocol 1 (preparative) 


Time (min) 


Flow rate (mL/min) 


%A 


%B 


0.0 


28.0 


90 


10 


5.0 


28.0 


75 


25 


6.0 


30.0 


5 


95 


7.0 


25.0 


0 


100 


9.0 


25.0 


90 


10 



Table 6 



Protocol II (preparative) 


Time (min) 


Flow rate (mL/min) 


%A 


%B 


0.0 


15 


70 


30 


1.0 


28 


45 


55 
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Table 6 (continued) 



Protocol II (preparative) 


Time (min) 


Flow rate (mL/min) 


%A 


%B 


6.0 


28 


0 


100 


7.0 


28 


0 


100 


9.0 


30.0 


70 


30 


Table 7 




Protocol III (preparative) 


Time (min) 


How rate (mUmin) 


%A 


%B 


0.0 


15.0 


45 


55 


1.0 


28.0 


30 


70 


6.0 


2B.0 


0 


100 


7.0 


28.0 


0 


100 


9.0 


30.0 


45 


55 



25 



30 



40 



45 



50 



m Table 8 

Protocol IV (preparative) 



Time (min) 


Flow rate (mL/min) 


%A 


%B 


0.0 


15.0 


98 


2 


1.0 


28.0 


95 


5 


6.0 


28.0 


5 


95 


7.0 


28.0 


0 


100 


9.0 


30.0 


9 


82 



EU2L e r^ handlerwith a " «» 'nieotion vafce actuator. The 

pump heads. The dilution ^^XS^^SSTSTK^ ^ 3 ° 6 mod8li W * h 50 SC 

programmabie HPLC Gilson pump 305 mode, JE a 50 ^ oumn if ^ ^ ^ U,,ibratlon ^ was a 

with an 806 Monometric mode.. The p^^i^SEJS 22 7" ' G " S ° n 81 1 ° mtar 
us d were a Gi.son 1 70 mode, diode'array ZS> ?JS?n MS ZZZ T£Z?aT ^ ^ 

detectorcontains a quadruple mass analvzer with Z™«11 detector P^orm LC model from micromass. The MS 

atmospheric chemical tonL^^TdT2i^S^ , JS^ n ^ T ' ^ * USin9 ^ 
equipped with a rotary pumo and a tranJfnlTr ♦ T P V l0n,2at,0n P robes - The mass spectrometer is 

Rheo^yne switehing *i^^^ ~» and a 10 port 

collection system was a Dioital CELEB ri » !™ * "CURATE by LC packing and an Upchurch splitter. The data 

Unipoint v. 1 .64 software. windows NT V. 4.0, OpenLynx Vers.on™, Fraction Lynx™ and Gilson's 

[0071] The automated prep-HPLC/UV/MS was assembled as shown below: 



5S 
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- ;.V-«^».;..-.t<-i_t.»l * *, : • 




[0072] The tubing sizes for the system are as follows: 

[0073] From the mixer to the injector, the injector to the column, the column to the UV diode array detector and from 
25 the UV to the splitter box was Green Peek, Upchurch Scientific, INC 0.03" ID. From the make-up pump to the splitter 
box was Green Peek, Upchurch Scientific, INC 0.01 - ID. From the splitter box to the upchurch splitter was Green Peek 
Upchurch Scientific, INC 0.007" ID. From the Upchurch splitter to the waste reservoir was Green Peek Upchurch 
Scientific, INC 0.01 " ID. From the splitter to the fraction collector was 0.04" ID (Tubing Accurate/FC cat. No. PE-1 000 
FC). 

30 [0074] The tubing sizes permitted the use of a 30 mL/min flow rate and a relatively small sorbent particle size (5 
microns or less) with the purification method described below. With the smaller tubing sizes typically found in conven- 
tional HPLCs, it would be extremely difficult to achieve this high of a flow rate, and, accordingly, it would be extremely 
difficult to perform the purification method. 

[0075] The diagram above illustrates the path of sample isolation during an HPLC run. After injection the solvents 
from the gradient pump separate the components in column A while column B is being re-equilibrated by the reequili- 
bration pump. A ten port Rheodyne switching valve controls this action. The separated components enter into the UV 
diode array detector and then go to the splitter box. At the splitter box, the flow splits in a 1/1000 ratio Only one part 
goes to the MS and the remainder goes to the waste reservoir after the compound of interest is detected by UV or MS 
and the fraction collection is triggered and the sample collected. The flow that goes to the MS is diluted by a dilution 
pump with a flow of 1 .5 mL/min for the electrospray (ESP) probe. Then, the diluted flow is split again by a second 
splitter (an Upchurch splitter) and only approximately 300 u.L enters the ESP probe and the remainder is sent to waste 
A second splitter is not required for the atmospheric pressure chemical ionization (APCI) probe. The gradient pumps 
were controlled using Unipoint software. 

[0076] The delay time when the MS is seeing a peak and when the peak reaches the fraction collector as well as 
the delay time between the UV detector and the MS were measured using coumarin as a standard, using a methanol/ 
water (50/50) mobile phase, and are shown below In Table 9. 



35 



40 



45 



Table 9 



Probe 


Gradient flow rate {mU 
min) 


Make-up flow rate (mL/ 
min) 


Time delay (second) 
MS-FC 


Time delay (second) 
UV-MS 


ESP 


22 


1.5 


20 


3.5 




28 


1.5 


15 


9 




30 


1.5 


15 


9 












APCI 


22 


0.5 


12 


23 
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Probe 


Gradient flow rate (mU 
min) 


Make-up flow rate (ml_/ 
mln) 


Time delay (second) 
MS-FC 


Time delay (second) 
UV-MS 




28 


0.5 


15 


12 




30 


0.5 


15 


12 



Er« ^ectrometer was calibrated with PEG 200 to PEG 1 000 for mass caiibration prior to delay time 
measurement. The mass spectrometer was tuned with two probes at different flow rates 

[0078] a variety of compounds were passed through the HPLC column using the methods described herein The 
compounds had molecular weights ranging from 100-650 g*nol, with sample sLs ranging " to 2u0 mS' and 
injection volumes ranging from 50 to 2000 microlilers. 9 ' 
[0079] The following example illustrates the use of the high throughput method for purification 



Example 2: Purification of a Small Library of Compounds 




TLC of proprietary compounds 



mToLT^tl 1 "? T Calcu,ated as bei "9 approximately 0.11 and correlated to pre-defined analytical HPLC 
m thods (methods II or III in Example 1). Methods II and III were separately evaluated to determine whiS p^Wed 
XmrSST Chr0mat09ramS ^™ bel -) that method ,. was oetterat pu^ngt^SS 

[0082] The compounds of interest were purified on a preparative HPLC column with an inieotion UO i„ mB ftf o m , 
and a concentration of 150 mg compound/2 mL DMF. The compounds had J^^JSS^^^^ 
and a half minutes on the preparative HPLC column. 0 three 
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25 



[0083] Following the purification of the representative sample of compounds, a TLC (shown below) was done on the 
entire l.brary. The TLC shows that all of the compounds of interest e.ute with approximately the same Rf (iout 2 1) 



30 



35 



40 



45 




ESfIL !. pr T 6 LC meth ° d WaS app,ied t0 al1 450 ""P^nds in the library, and an average purity of 91 % 
mnLf V n K d ' ^ 9n aVera " yie,d ° f 28 m9 ' More than 85% of the compounds had a purity greater than 2% 
£085] Those skilled in the art will recognize, or be able to ascertain using no more than routine experimentation 
many equ.valents to the specific embodiments of the invention described herein. Such equivalents are £ 
encompassed by the following claims. imenaeo to oe 



Claims 



50 



55 



A method for purifying and/or characterizing one or more organic compounds, comprising the steps of: 
a) selecting a library of compounds to be purified 

nL P !f 8 and/ ° r ^ analytlCal HPLC ° n 8 re P rQse "tative sample of the library, which sample com- 

prises less than ten percent of the library, H 

c) d terrnlning a correlated preparative HPLC method depending on how the representativ sample elutes off 
the analytical HPLC column and/or the sample mov s on a TLC plate, and sample elutes off 

d) purifying all or substantially all of the library, 
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wherein the correlated preparative HPLC method is determined based on a correlation between three r 
TLC^ZZ T n TJ^ r S l analytical HPLC is P rformed and/or three c- more zones of retention factors if 
Ln J Perf0 7f ' such that ,f S"bstant.ally all of the compounds in the representative sample fall within a particular 
zone, a correlated preparat lV e HPLC protocol can be used to purify compounds that fall within the zone 

2. The method according to claim 1 , wherein both analytical HPLC and TLC are performed in step a. 

3 - 3^2S5Sf^C ip w uS n the representHth ' e samp,e is purified via preparative hplc bef - - 

4 " l^::Z^ZT *' WhSr6in aft6rthe re ' r6Sentative Sam P' e * P"** the purity of the compounds 

5 ' WO ™°nt ntTl? 10 Ci T *L Wh6rein aft6r the PUrity iS determined . « TLC is performed on between 1 0 and 
100 percent of the hbrary under the same or substantially the same conditions as the TLC performed in step a. 

6 " Umy are°c^re? 9 * C ' aim 5 ' Where ' n ^ * rc P resentative sam P |e and the 1 0 to 1 00 percent of the 

7. The method according to claim 5, wherein between 50 and 1 00 percent of the library is analyzed via TLC. 

8 " JL e ^l°iT°^l t0 ° laim 6 * !' herein U the TLC ° f the re P rese ntetive sample and the 10 to 100 percent of 
HPLC compounds move into the same zone, then the entire library is purified via preparative 

9. The method according to claim 6, wherein if the TLC of the representative sample and the 1 0 to 100 percent of 

all Hp7r ^ th " COm f P° unds d ° not '"to the same zone, then the entire library is purified via prepa°- 
ative HPLC using an alternative method. 

1 0. The method according to claim 1 , wherein the representative sample is between 2 and 5 percent of the entire library. 

9 , S PreSenCS ° f th6 com P° und of Merest in a sample which is eluting off of the pre- 
parative HPLC column using UV and/or MS detection. 

12 " istre n ate n r°tSa 0 n 90 'pe^ 8 "*'" ^ ^ °' a " °' SUbStantially a " of the c °™P°"n°s purified via preparative HPLC 
SI^p2^*h2^ ana,ytiCa ' HPLC " Perf0rTned ' ^ " * ° nly °" 8 ra P- a "tative sample prior to 
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